Background: The nervous system is the most vulnerable system for lead poisoning. In literature mostly occupational lead intoxication has been investigated in workers who are exposed to exhaust gas.
INTRODUCTION
Traffic exhausts contains a complex mixture of byproducts including hundreds of pollutants in gaseous and particulate phases. Most of the particulate phase constitutes fine-mode particulate matter, which is derived from (a) combustion processes that has volatilized and then condensed to form primary particles or from (b) precursor gases reacting in the atmosphere to form secondary particles. Pollution is becoming a significant public health problem as well as an important political issue, due to the rapid growth in world population ( 1 ) . Epidemiological studies have suggested that exposure to atmospheric particulate matter is associated with an increased risk of morbidity and mortality, but the mechanism remains unclear ( 1 , 2 ).
Concerns raised in international context regarding the adverse health effects of air pollution. Of the motor vehicle generated air pollutants, exhaust particles (EPs) account for a highly significant percentage of the particles emitted in many towns and cities ( 2 ). Complete combustion of EPs produce water and the formation of various gases, liquids, and solid particles. EPs contain a complex mixture of gases such as carbon monoxide, nitric oxides, sulphur dioxide, hydrocarbons, formaldehyde, transition metals and carbon particles ( 3 ). These gases may cause harmful effects like stroke, cancer, autoimmune disorders, coagulation defects, and cardiovascular diseases ( 2 , 4 , 5 ).
The best known heavy metals in exhaust particles are Cu, Pb, Cd, Fe, and Zn. In literature, mostly occupational lead intoxication has been investigated in workers who are exposed to exhaust gas ( 6 , 7 , 8 , 9 , 10 ).
In this study, our aim is to visualize the effects of exhaust particles on peripheral nervous system in highway toll collectors by electroneurography. The overall objective of the present study was to study the relation between exposure to high levels of traffic exhausts and the differences of nerve conduction velocities.
MATERIALS AND METHODS
33 highway toll collectors (HTC) between 25-60 years old (mean 38.1 ± 7.7 years), were participated in this study. Clinical exclusion criteria were hypertension, diabetes mellitus, chronic illnesses which can cause peripheral neuropathy such as chronic renal failure, cerebrovascular and peripheral vascular diseases, drug use for systemic diseases, and consumption of narcotics and/or excessive alcohol. Participants's characteristics are shown in Table 1 . Fourteen subjects did not have paresthetic complaints and neuropathic symptoms or signs suggesting polineuropathy. Of the remaining 19 subjects, all had paresthetic complaints and features of polyneuropathy. The systolic and diastolic blood pressures and heart rates of all cases were in normal limits. All 33 subjects were investigated including full blood count, urinary analysis, liver enzymes, ECG and electroneurography. 19 subjects were investigated for other causes of neuropathy by detailed history, physical and neurological examination and blood chemistry. The examinations and the laboratory findings were in normal ranges. Clinical features are presented in Table 2 . Electrophysiological measurements were studied in upper extremities bilaterally and in right lower extremity by using EBNeuro. Motor conduction velocity (MCV), distal motor latencies (DMLs) and amplitudes (CMAPs) were measured in median, ulnar, peroneal and tibial nerves. Sensory nerve action potential latencies (DSLs), sensory conduction velocity (SCV) and amplitudes (SNAPs) were measured in the median, ulnar and sural nerves with an average of 10 stimulus responses. 
RESULTS
All subjects in this study were male. A typical HTC works 8 hours a day. The mean year of HTCs lifetime work period is 14,2 ± 6,6. All electroneurographic parameters, including motor nerve conduction velocity (MCV), distal latency (DML), and compound muscle action potential (CMAP) of median, ulnar, tibial, and peroneal nerves as well as sensory nerve conduction velocity (SCV), sensory nerve action potential (SNAP) and distal latency of median, ulnar and sural nerves substained normal ranges are shown in Table 3 . There was no significant correlation between the exposure duration and the neurophysiological measurements. Table 3 : Nerve conduction studies (mean (SD))
DISCUSSION
The nervous system is the most vulnerable system for lead poisoning. Automobile emissions are the most responsible source for lead exposure, especially for urban residents. As electrophysiologically, both sensory and motor peripheral nerve involvement is seen in adults with chronic lead intoxication. Sensory complaints include paresthesias and spontaneous pain ( 11 ). Motor signs include local weakness, atrophy, and fasciculations ( 12 ).
The clinical picture of lead neuropathy is probably dependent on the duration and level of exposure. The classic form, which is unique among toxic neuropathies, is seen following subacute exposure to high environmental concentrations of lead. This disorder is purely motor in its clinical manifestations and the distribution of the weakness is extremely unusual, with early and severe involvement of wrist and finger extensors, usually before any other muscle involvement. Most toxic neuropathies are predominantly sensory and the sensory loss is in a length-dependent pattern, with feet involved first and the more proximal regions later, if at all. Weakness tends to involve the extensors of the middle and ring fingers first before spreading to other finger and thumb extensors and then wrist extensors. Weakness of the thenar muscles and, less commonly, the interossei may be present, although it is usually mild. Rarely, more proximal muscles may be involved, even up to the shoulder girdle ( 13 ).
Extensor bilateral neuropathy involving the hands, fingers, deltoids, biceps, and triceps may also occur ( 11 ).
The older literature suggests that even neck, bulbar, and extraocular muscles may be involved ( 14 ) .
Weakness is also found in the lower limbs, where it is usually confined to foot dorsiflexion and toe extension. Occasionally, in severe intoxication, weakness may progress to quadriplegia ( 15 ). In severe cases of lead toxicity, wrist drop and foot drop have been well documented ( 16 , 17 , 18 ).
Prognosis for recovery is good, once the patient has been removed from exposure, depending on the severity of the weakness ( 19 ) . In patients with severe weakness recovery may be slow and incomplete ( 13 ) .
The most persuasive evidence in support of the contention that lead is a general neurotoxin comes from a recent study of 46 individuals in Latvia with long-term industrial lead exposure ( 8 ). All patients complained of pain and paresthesias that occurred in a distal and symmetrical distribution. Pain and vibration perception were both impaired, indicating involvement of both large and small fibers. No patient had weakness. Muscle stretch reflexes were diminished or absent distally. About half of the patients had autonomic involvement manifested as orthostatic hypotension, hyperhidrosis, and altered distal limb color and temperature. Thus, these patients had a much more typical toxic neuropathy affecting sensory more than motor functions and having loss of sensation in a distal and symmetrical distribution.
Likewise our study showed that there were not any electrophysiological changes in HTC workers who occupationally exposed to exhaust gas. However, in other cases mild slowing in nerve conduction velocity were reported even in asymptomatic lead workers. In individuals with predominantly motor findings, nerve conduction velocity may not be altered even after significant occupational exposure ( 11 ). Catton et al. compared 19 neurologically asymptomatic lead-exposed workers with 17 hospital workers without known lead exposure. The patients and controls were not specifically age-matched but they were of the same age range and the mean age for the two groups was identical. They found that motor and sensory response amplitudes and maximal motor and sensory conduction velocities were the same in the two groups but that there was a slight, but statistically significant, segmental amplitude decrement in the peroneal nerve in the leg, suggesting an increased range of conduction velocities. There was no relationship between the severity of these changes and the blood lead level ( 20 ) . The association between symptoms and exposure to chemicals is still controversial ( 11 ).
This study shows that highway patrol workers who are exposed to exhaust may develop polineuropathy regardless of normal electrophysiological test results. Hence, we strongly recommend highway patrol workers to have neurological examinations at least once a year and electrophysilogical tests more frequently.
